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本论文的第三章，首先，采用 Raman 、XPS 和 SEM 等技术，对经机械
抛光 (bare GCE)，再经恒电位(PGCE)或循环电位(CGCE)活化处理后的三种玻
碳电极界面进行了系统表征，结果表明：1）bare GCE 表面由含有较多低活性














先沉积的 PtNPs 中的绝大部分仍保留在三种电极表面上，但 PtNPs/bare GCE 的















催化氧化电流与新制的 PtNPs/PGCEs 的相同， 证明在 bare GCE、CGCE 和




























Carbon-supported metal nanoparticles (PtNPs/C) catalyst with high efficiency 
and stablilty plays a key role in the fields of the fuel cell, electroanalytical sensing, 
electrochemical organic synthesis, etc. Recent studies suggested that the interface of 
sp
2
 hybrid carbon materials may affect the synthesis or the performance  of the 
PtNPs/C catalyst. However, the intrinsical correlation has not been well-establised so 
far.  
In this thesis, the electrochemical pretreatment method was developed to regulate 
the glassy carbon electrode (GCE)  interface,  which is the most frequently used 
substrate electrode in the fundamatial studies. Successively, the interfacial-dependent 
electrodepositing of PtNPs and catalytic perfoemance for  formic acid oxidization 
were systematically investigated. The targe of this thesis is to enable offer either 
theory or experimental evidence for the fabricating of the high-quality PtNPs/C 
system.      
In chapter 3, firstly, by using Raman, XPS and SEM technogies, three GCE 
interfaces including polishing (bare GCE), potentiostatic activation (PGCE) and 
cyclic polarization (CGCE), were characterized systematically. Several conclusions 
were listed as the following: 1) bare GCE surface is constituted by carbon 
microcrystallines, whose basal plane contains much more defects with low activity; 2) 
cyclic polarization was a weak activation means unable to remove carbon oxide 
effectively, so that oxygen-containing groups produced by cyclic polarization might 
accumulate at the whole graphitic crystallite surface and form a compact and thick 
graphite-oxide layer; 3) potentiostatic activation was an extensive erosion means 
capable of removing the excrescent carbon oxide at the graphitic crystallite surface to 
create larger void space and edge steps.  
Secondly, by means of electrochemical technologies,  the interfacial dependent 
electrodepositing of PtNPs was investigated. a new multi-pulses method was 















coverage on three GCEs. The key parameter is the depositing overpotential, because it 
enable eliminating electrochemical inert of either defect sites on the base plane or 
compact carbon oxide layer for the early nucleation of Pt；Besides, the shorter 
deposition time in a single pulse would weaken the movement and cosence 
coalescence of Pt nanoclusters.  
In chapter 4, the electrocatalytic activity and stability of three PtNPs/GCEs were  
systematically characterized in a formic acid solution. Freshly prepared PtNPs/CGCE  
exhibited an excellent activity for formic acid oxidization, due to interaction of the 
compact carbon oxide layer. After fininshed durability test in a formic acid solution 
for 300 cycles, most of PtNPs was found to remain on three electrodes. However, the 
oxidation current densities of PtNPs/bare GCE decreased by one order of magnitude, 
while PtNPs/CGCE and PtNPs/PGCE had an approximate oxidation current 
density,similar as those of freshly prepared PtNPs/PGCEs. It demonstrates that the 
catalyst durability enhanced in the order of bare GCE, CGCE and PGCE.    
The interface effect of GCE may involve the following aspects：1) the regular 
degree of the shape of PtNPs enhanced in the order of bare GCE, CGCE and PGCE; 2) 
the variation extent of the crystal surface structure of PtNPs decreased in the order of 
bare GCE, CGCE and PGCE; 3) bare GCE surface corroded in term of the increase of 
background current, whereas the corrosion of CGCE and PGCE surface caused the 
increase of redox oxygen-containing groups. As a consequence of corrosion, the 
particle coverage on bare GCE decreased due to PtNPs detachment, while PtNPs on 
the CGCE or PGCE had approximate unchanged or higher particle coverage as well 
as a smaller mean size, respectively. Those demonstrate that the pretreatment 
enhanced the adhesion ablity of GCE for PtNPs. 
Key words: Gassy carbon electrode interface; Electrodepositing of Platinum; 






















































第一章  绪 论 
2 
杂化碳材料都是由最基本的六元结构单元所构成，如图 1-1，六元环结构中的













图 1-2  石墨烯构建各种石墨类碳材料示意图[12] 
通常表征碳材料微晶结构的三个独立 X 射线衍射参数分别是 Lc、La 和
d002
[13-15]，其中 Lc是微晶端面（edge plane）的平均尺寸；La是微晶的基面（basal 
plane）在二维方向上的平均长度；d002是相邻单层间的晶面间距，单晶若有序则
































































































第一章  绪 论 
5 
玻碳电极由于具有化学稳定性高、导电性好、氢过电位高、极化范围宽、硬
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